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(54) FABRICS FOR USE IN HEAT-RADIATING ARTICLES 



(71) We, GUI-TON INDUSTMES, INC., a 

corporation organized and existing imder the 
laws of the State of New Jersey, United States 
otf America, located at 212 Gulton Avenue, 

5 Metuchen, New Jersey, United States of 
America, do hereby declare the invention for 
which we pray that a patetent may be granted 
TO us, and the method by whidi it is to be 
performed, to be particularly described in and 

10 by the following statement : - — 

This invention relates to fabrics for use in 
heat-radiating aiticles, a portion of which com- 
prises a fabric containing electrical resistance 
filaments capable of providing heat when con- 

15 nected to an electric circuit, and to heat radiat- 
ing articles containing snch fabrics. 

In the application to heating hcMnes, there 
are numerous locations within tiie home where 
heai-radianng articles can be used. Currently 

20 available electrical heating elements, if used 
under or in a rug or carpet, or in Venetian 
bUnds, curtains, blankets or upholstery, have 
a hazard that excessively high spot tempera- 
tures can be reached if for any Teason normal 

25 thermal radiation is blocked. Such occurrences 
could be caused by bunching of curtains, rais- 
ing of Venetian blinds^ placement of furniture 
or toys on the floor or against the heating ele- 
ment, 

30 Another problem frequently encountered 
with the use of normal electrical heating means 
for the home is that high voltages are used, 
which present an obvious hazard. To permit 
the use of low voltages (about 20 volts) with 

35 normally available heating elements involves 
the use of heavy wires and multiple connec- 
tions in order to obtain adequate electric cur- 
rents. Such means would cause ridges in nigs, 
objectionable bunching in such applications as 

40 ciurtains and generally impair the pleasing and 
decorative appearance of articles in which 
heating elements are incorporated. 

Otiier disadvantages associated with a ther- 



mal floor covering or odier heat-radiating 
article is that cleaning, repair, and mainten- 45 
ance of the heat unit is frequently required 
and such units require special devices such as 
thermostats for controlling temperature. 

According to the present invention there is 
provided a fabric for use in heat radiating 50 
articles which is made up at least in part of 
a plurality of filamentary plastics electrical 
resistance elements each of which consists of 
a uniform dispersion of conductive particles 
in a non-conductive plastics carrier naaterial, 55 
and electrically conductive means forming part 
of said fabric to which said filamentary electri- 
cal resistance elements are connected, said con- 
ductive means being adapted to be connected 
to a source of electric current. 60 

According to a particular featmre of the pre- 
sent invention there is provided a heat radiat- 
ing article including a fabric portion inade up 
at least in pare of a plurality of plastics fila- 
mentary electrical resistance elements, eadi of 55 
which consists of a uniform dispersion of con- 
ductive particles in a non-conductive plastics 
carrier material and electrically conductive 
means foraiing part of said fabric portion to 
which said fitoientary electrical resistance ele- 70 
ments are connected which means axe adapted 
for connection to an electrical current source. 

The plastics filamentary electrical resistance 
elements may be woven into the fabric by con- 
ventional means, and are preferably homogen- 75 
eous in nature and, by virtue of possessing a 
non-linear positive temperature coefficient of 
resistance, die elements are self limiting in the 
maximum temperature obtainable. Preferably, 
the electrical resistance elements have a posi- 80 
tive temperature coeflficient which is greater 
than the temperature coefficient of the resistive 
substance, and the non-conductive carrier mat- 
erial has a specific electrical resistance and 
thermal coefficient of expansion, both much 85 
greater than those of the resistive substance. 
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The invention is further described with ref- 
erence to the accompanying drawings in 
which: 

Figure 1 is a diagranunatic perspecuve view 
5 of a heai-radiating fabric illustrative of one 
embodiment of this invention; 

Figure 2 is a fragmentary cross-sectional 
view taken on the line 2 — 2 of Figure 1; 

Figure 3 is a fragmentary cross-sectional 
10 view taken <m the line 3 — 3 of Figure 1; 

Figure 4 is a diagrammatic top plan view 
of the heat-radiating fabric of Figure 1 show- 
ing the electrical circuit thereof; 

Figure 5 is a diagrammatic illustration and 
15 electrical circuit layout of an akemarive ar- 
rangcmem of a heat radiating fabric and its 
connection to an electric current source; 

Figure 6 is a diagrammatic illustration and 
electrical dicuit layout of another such ar- 
20 rangement; and 

Figure 7 is a diagrammauc lUtistrauon ana 
electrical circuit layout of still another such 
arrangement. 

In accordance with the present invention, 
25 heat-radiating fabrics are provided which have 
application in home furnishings such as car- 
pets, rugs, curtains, upholstery, blankets, tapes- 
tries, blinds, shades, etc., as well as in heated 
clothing such as soda, gloves, robes, suits, etc. 
30 These heat-radiatii^ fabrics have hearing fila- 
ments therdn formed from an electrical resist- 
ance composition which will be hereinafter de- 
scribed. 

As used herein the term '^f abric** means any 

35 flexible material or article consisting substan- 
tially of filamentary or fibrous material, 
•whether woven or non-woven. It includes, but 
is not limited to fabrics made by weaving, 
knitting, braiding. The term "filament** used 

40 herein includes both a single continuous strand 
of indefinite l^gth and a plurality of strancte 
which have been joined together, e.g. twi^ng. 

The electrical resistance filaments used here- 
in may be formed of an electrical resistance 

45 material having the following components: (1) 
one or more electrically resistive substances, 
and (2) a non-ocmductivc carrier in which ^e 
reastive substance is homogeneously dis- 
tributed. In addition, if desired, there may be 

50 included in the electrical resistive material at 
least one of the followmg: (a) an electrically 
insulating material, and (b) an oil having a 
very low dielectric loss factor which increases 
only sHghtly, if at all, with an increase in tem- 

55 perature. . 

iThc resistive substance may be one having 
either a negative or positive temperanire 
coefficient. Any electricaUy conductive material 
substantially unaffected by air or moisture or 

60 by temperanire of up to about 300^. is suit- 
able. The use of a moisture free resistive sub- 
stance will avoid difficulties such as formation 
of bubbles and holes when the elearical resist- 
ance material is processed into a heating fila- 

65 ment. Representative examples of rcsisove 



substances include carbon materials such as 
graphite, carbon black and ^mp black; metal 
pattides such as metal powders of copper, 
iron, zinc, magnesium, etc.; or particles of 
heating-wire alloys such as constantan and 70 
mckelin, or alloys such as monel metal (Regis- 
tered Trade Mark) and phosphor-bronze. If 
desired, the resistive substance may be a mix- 
ture of two or more resistive substances, such 
as a mixture of graphite with carbon black, 75 
etc. 

The non-conductive carrier material in 
whidi the resistive substance is distributed niay 
be seleaed frcwn any one of the following 
classes of plastics materials. 80 

(a) polymers of substituted and tmsubstitut- 
ed alphaolefins such as polyethylene, polypro- 
pylene, polyisobudkne, polystyrene, etc.; 

(b) copolymers obained by polymserizing 
two different alpha-olefins such as those listed 85 
in (a); 

(c) halogenated polymers and copolymers, 
such as for example, polyvinyl chloride, co- 
polymers of vinyl chloride with vinyl acetate, 
styrene, propylaie, etc.; polymeric halc^enated 90 
hydrocarbons, e.g. polymers of tetrafluorocthy- 
lene etc.; 

(d) polyesters, preferably unsaturated po- 
lyesters. These polyesters are plastic materials 
derived ftom the poljraierization of esters in 95 
the presence of a peroxide whkh acts as a 
hardener. These esters aic obtained by reacting 

an unsaturated dicarboxylic acid widh a diva- 
lem alccrfioL Examples of suitable polyesters 
are "Palatal P5" and "Palatal P6"; 100 

(e) polyanudes, e.g. '*Versamid" (a conden- 
sation product of dimerized and trimerized un- 
saturated fatty acids; in particular linoHc acid 
with polyamides); 

(f) other materials such as polacrylcmimie, 105 
polymeric vinyl amines and i^*mil waxes. 

The polyolefins are the prettied non-con- 
ductive plastic carriers. However, any non-con- 
ductive carrier is suitable which has (1) its 
highest dielectric loss factor in the temperature 110 
range where substantial or maximmn genera- 
tion of heat is desirable (that is, up to the 
seleaed maximum operating temperature) and 
a dielectric loss factor that remains substantial- 
ly constant or decreases beyond the selected 115 
operating temperature, and (2) a softening 
point si£stantially higher than the maximum 
operating temperature of the heating element. 

The electrically insulating material (here- 
inafter simply referred to as "insulating mater- 120 
ial*') that may be included in the electrical 
resistance material in addition to the resistive 
substance and the non-conductive carrier mat- 
erial should have the characteristic that its 
spedfic electrical resistance and its coefficient 125 
of thermal expansion are both higher than the 
specific electrical resistance and die coefficient 
of thermal expansion of the resistive substance. 
The electrically insulating material jMreferably 
should have a specific electrical resistance 130 
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greater than 10" ohm-cm, and also preferably fraction, about 22 to 2'^% naphthene fraction 

has a specific electrical resistance of at least and about 5 to 12% aromatic fraction. 
10' times that of the resistive substance. The There is a relatively -wide range of propor- 

selection of electrically insulating materials is tions in which the above eniunerated materials 

5 not critical so long as they meet the criteria may be present in the elecnrical resistance mat- 70 

mentioned above. The electrically insulating erial. The resistive substance either alone or 

materials which may be employed may be in combination with the oil described above 

either liquid, solid or tacky materials. Liquid is preferably used in the electrical resistance 

insulating materials which have been found material in an amount betv/een about 60 to 

10 particularly suitable are electrically insulating IjlO per cent by vrctglit of the non-conducdve 75 

oils including the following : carrier. When an oil is included it is preferably 

(a) Lubricating oils (a distillation product present in an amount between 0.5 and 20 per 

from crude oil, tar, or lignite products v/hich cent by weight of the resisdve substance, and 

are used for motors and machines). These oils is most preferably between about 5 and 10% 

15 preferably have a flame point of at least by weight of the resistive substance. When it 80 
200°C. Examples of such lubricating oils are is desired to include an electrically insulating 
"Mobil Vacra Oil No. 2, No. 3 and No. 4." material in .die liquid or pasty state (at room 
These oils have a viscosity (centistroke) rang- temperature) in the electrical resistance mat- 
ing from 37 to 99 at erial, such a material may be present in an 

20 (b) Transformer oils (a chemically neutral amount between about 7 and 25% by weight 85 

mineral oil which is normally used as insulat- of the resistive substance, whereas when die 

ing filling for electrical transformers) such as, electrically insulating material is a solid such 

for example, **Univolt" oils. as glass powder, it is employed preferably in 

(c) Silicone oils (linear-polymeric methyl an amount between 50 and 100 per cent by 

25 silicone) e.g. methyl polysilixane. Preferably weight of the resistive substance. The reason 90 

the silicone oil has a viscosity at "lOO^F, rang- for employing a greater quantity of the electri- 

ing from 100 to 20,000 centistokes. cally insulating material when solid than when 

(d) Paraffin oils (a petroleum fraction). liquid or pasty is -that the solid material does 
Also suitable as electrically insulating mat- not have a thermal coefficient of expansion as 

^ erials are soft pasty material such as natural great as that of die liquid or pasty material, 95 

or s5Tithetic waxes and lubricating greases. Ex- and this factor is compensated for by employ- 

amples of waxes which may be employed in- ing more of the solid electrically insulating 

elude beeswax, carnauba wax, 'Ki^astorwax," material. 

etc. Also stdtable are petroleum waxes, such The various electrical resistance materials 

35 as paraffin hydrocarbons and microcrystalline described above, which a-re extruded into fila- 100 

waxes. The lubricating greases which may be ments as will later be described, may be pre- 

employed include homoegeneous mixtures of pared in a number of vrays. If the electrical 

a motor lubricating oil wiSi a metal soap such resistance material is to comprise only a resis- 

as obtained from the reaction of a metal hy- tive substance, disposed in a non-conductive 

40 droxide with a fatty acid. An example of such carrier without any insulating material or^ oil, 105 

a metal soap is the lithium soap of 12-hydroxy dien .the substance preferably in finely divided 

stearic acid. form (e,g. as a granular powder) is first me- 

The electrically insulating material may also chanicaUy premixed with the non-conductive 

he a solid substance which is easily meltable plastics carrier material (e.g. polypropylene) 

45 below the operating temperature of the electri- which may be in powder or pellet form. The 110 

cal resistance material. An example of such particles of resistive material preferably have 

a material is acetyl cellulose sold under the a size of about 0.01 nun., but it is possible 

trademark '''Cellon." It is also possible to use to employ a granular powder having a particle 

as the electrically insulating material a solid size between Oj002 and 0.1 mm. The non-con- 

50 material such as glass powder, finely divided ductive carrier material particles may have an 115 
bentonite, flint, etc. even wider size range. The premixture of resis- 
As noted above, there m.ay additionally be nve substance and non-conductive plastics car- 
included in die electrical resistance material rier is heated until a homogeneous product is 
an oil which is characterized by having a low obtained which can no longer be separated. 

55 viscosity and particularly low dielectric For this operation a dispersion kneader, heated 120 

loss factor (low dielectric constant and low dis- mixing rolls or the like may be used. If mixing 

sipation factor) which increases only very rolls are used for homogenizing the materials, 

slightly, if at all, with an increase in tempera- the temperature of the rolls is adjusted in ac- 

ture. T3rpical oils which meet this requirement cordance with the type of non-conductive plas- 

60 are oils having a dielectric constant (at 50 tics carrier material used. The resulting homo- 125 
cycles) below about 2.3 at 60*^0, a dielectric geneous mixture of resistive substance and 

dissipation factor below about .001 at 60°C, non-conductive plastics is pelletized and then 

maximum viscosity (centistokes) of about 5500 extruded into filaments, 
at 20^ and 500 at 50° C, and which may If an electrical resistance material is desired 

65 be primarily composed of 65 to 69% paraffin in which there is incorporated an oil having 130 
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a low dielectric-Ioss-factor, the resistive sub- 
stancCjpreferably in powder form and the oil 
may first be mixed in a high-speed fluid mixer 
for about slO to 20 minutes at a temperature 
5 between about 60°C to 70^C. This mixing re- 
sults in the greatest possible dispersion of the 
oil with the resistive substance. This mixture 
is then mixed with the non-conductive carrier 
material as previously described and extruded 

10 into filaments as indicated. 

If an insulating material of the type noted 
above is to be included in the electrical resist- 
ance composition the following process is suit- 
able. The resistive substance in finely divided 

15 form and having a particle size preferably 
within the range previously described is ad- 
mixed with the seleaed iiKulating material 
(e.g. solid paste or lubricating oil). Thorough 
mixing is desirable in order to obtain a homo- 

20 geneous combination of the resistive substance 
and the electrically insulating material In this 
comtrination if a solid elearically insulating 
material is used the individual grains of the 
resistive substance are largely surrounded or 

25 enveloped by the particles of the electrically 
insulating material. If the electrically msulat- 
ing material is a liquid, a doughy substance 
is produced by the mixing of the resistive sub- 
stance with this material, so that the individual 

30 particles of the resistive substance are envel- 
oped by the electrically insulating material. If 
the resistive substance employed is a poroi^ 
carbon such as carbon black, and is mixed with 
a liquid electrically insulating material, the 

35 liquid material penetrates into the individual 
porous carbon particles. The envelopment or 
surrounding of ±e incfividual particles of the 
resistive substance by the electrically insulating 
material is not complete, as otherwise no flow 

40 of electric current would be possible. There- 
fore, in the mixture obtained combimng the 
resistive substance with the insulating materia! 
there is obtained a partial contaa of the indi- 
vidual resistive particles of the resistive sub- 

45 stance with one another throughout the mix- 
mre. This partial contact is sufficiem for the 
current to flow through the individual parti- 
cles. . 

The mixing of the resistive substance pre- 

50 ferably in pcwder form with the electrically 
insulating material may be carried out m a 
suitable mixer. The time required for obt^n- 
ing a homogeneous mixture is obviously de- 
pendent on the amount of material being ad- 

55 mixed and the nature of the materials. The 
temperature employed during the mixii^ of 
the resistive substance and the electrically insu- 
lating material is seleaed in accordance with 
the particular electricaUy insulating material 

60 being employed. ^ • 

The homogeneous mixture obtained by com- 
bining the resistive substance with the electri- 
cally insulating material is then dispersed in 
the non-conductive carrier material (e.g., poly- 

©5 propylene). This carrier acts primarily as a 



mechanioal support for the resulting electrical 
resistance material. The introduaion of the 
mixture consisting of the resistive substance 
and the electrically insulatii^ material into the 
non-conductive carrier material is achieved ac- 70 
cording to techniques well known in the art, 
and is determined by the nature of the carrier 
and the homogeneous mixture. For example, 
the non-conductive carrier, may be blended 
with the homogeneous mixture (resistive sub- 75 
stance plus clectricaDy insulating material, if 
used) in a suitable mixer at temperatures well 
above the meMng temperature of the plastics 
carrier. The resulting produa may be pel- 
letized and extruded to produce filaments, or 80 
may be directly extruded. 

The mixing of the non-conductive plasties 
carrier with the homogeneous mixture of re- 
sistive substance and electrically insulating 
materia] naay also be performed by dissolving 85 
the non-conductive plastics carrier material in 
a solvent having dissolving power for the par- 
ticular plastics being used but inert relative 
to the homogeneous mixture. Among solvents 
which are suitable for this purpose are xylene, 90 
toluene, benzene, cyclohexane, heptane, diox- 
ane, chloroform, acetone, methylethylketonc, 
tetrahydrofuran and like solvents. The dis- 
solved plastics carrier material is added to tiie 
homogeneous mixture and homogenized in a 95 
fast vibrating ball mill or the like. 

Any conventional monofilament extrusion 
equipment may be employed to obtain the fila- 
ments. The die may be a straight manifold 
type, the die opening being a series of small 100 
roxmd openings which commonly face down- 
ward. After the filaments leave the die, they 
are run through a quench tank coiitaining 
water and then taken upon rolls. The diameter 
of the filaments is preferably in the range from 105 
about 6 to 60 mils. 

If desired, the monofilaments may be drawn 
down to a diameter of about 1 mil according 
to techniques known in the art and subsequent- 
ly joined together by twisting or the l^e to 110 
produce multifilamems which may be incor- 
porated into the fabric material of this inven- 
tion. 

The electrical resistance materials described 
herein when extruded into filaments and diose 115 
filan^ts incorporated into fabrics have been 
fotmd to give excellent performance up to 
about 20 watts of heat dissipation per square 
foot. 

The following examples are illustrative of 120 
electrical resistance naateriak extruded imo 
filamentary strands in accordance with the pre- 
sem invention. 

Example 1 

A mixture of 100 parts by weight of resis- 125 
nve substance comprising 70 parts by weight 
of 10 micron fiake graphite and 30 parts by 
weight of carbon black Columbia Carbon 
Company's "Statex B") is blended widi 10 
parts by weight of a electrically insulating 130 



material (lubricating oil **Vactra No. 2" in a A desirable power dissipation for die heat- 
suitable mixer for 15 mimites at 60°C. The radiating fabrics of this invention is about 5 
resulting powder is blended with polypropy- watts per square foot. Thus, for 120-volt ap- 25 
lone (type "EL Rex 11815") in a suitable plications, with filaments 24 inches long, the 

5 mixer for twenty minutes at a temperature of filament density would be 65 strands per inch 

380*^F in the proportion of 65 per cent by using the 45,000-ohm filaments of Example 1. 

weight polypropylene and 35 per cent by For 24-volt applications, if the filaments are 

weight of iiie blend of the resisuve substance 12 inches long, the filamem density would be 30 

and the electrically insulating material. The re- about 173 strands per inch using the 20,0(X)- 

10 suiting homogeneous admixture is pelletized ohm filaments of Example 2. Using the fila- 

and then extruded at a temperature of 360^F ments obtained according to Example 2, and 

into strands 8 mils in diameter. having a lengdi of 6 inches^ requires about 43 

The resulting filament has a room tempera- filaments per inch. 35 
cure resistance of about 45,000 ohms per inch. Obviously the number of filaments per inch 

15 Example 2 may be varied in accordance with the dissipa- 

The same procedure and materials are used tion power desired, and using shorter lengths 

as described in Example 1, except diat 50 per reduces the number of strands per inch neces- 

cent by weight of the resisuve substance blend- sary to obtain .the desired dissipation power. 40 
ed with an electrically insulating material is The following examples are illustrative of 

20 combined with 50 per cent by weight of poly- other electrical resistance -materials which may 

propylene. The resulting filament has a resist- be extruded into fikunencs in the manner de- 

ance of about 20,000 ohSns per inch. scribed in the previous examples. 

Example 3 

Parts by Weight 

Graphite (same as in Examples 1 and 2) (resistive substance) 100.00 

Oil having low dissipation fsLCtox loss 

(An oil without added resin; this oil has viscosity of 500 
centistokes at 50 "^C; a molecular weight of 670; a 
dielectric constant of 2.26 at 60 ^'C and a dielectric 

dissipation factor of 0.001 at 60X) (oil) 10.00 

Polypropylene (Hostalen PPH — available from 
Farbwerke Hoechst) (non-conductive carrier) 100.00 

Example 4 

Mixtiure of graphite and carbon black 

(70:30, same as in Example 1) 100.00 

Polypropylene (same as in Example 3) 100.00 

Example 5 

Graphite (same as in E xample 1) 85.00 

Oil (same as in Example 3) 5.00 

Polyethylene ("Lupolen" 1812 E — available from 

Badischc Anilin-Soda Fabi-ik Co.) 100.00 

Example 6 

Graphite (same as in Example 1) 90 .00 

Lubricating oil (same as in Example 1) 10.00 

Polystyrene ("type 475 KH" — available from 
Badische Anilin-Soda Fabrik Co.) 120 . 0 
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Example 7 



Parts by Weight 
65.00 



Graphite (same as in Example 1) 

Lamp Black ("Corax L» — available from D^:ussa Co.) 35 . 00 

Lubricating oil (same as in Example 3) 10. QO 

Polyester ("Palatal P5" — available from Badischc 

Anilin-Soda Fabrik Co.) ^^'^ 



Example 9 

Graphite (same as in Example 1) 
Lamp blade (same as in Example 7) 
Beeswax (same as in Example 8) 
Polystyrene (same as in Example 6) 

Example 10 

Graphite (same as in Example 1) 

Iron powder (same as in Example 8) 

Methyl siUcone oil (type MIOOO — available from 
Wacker Chemie Company) 

Polyamide (same as Example 8) 

Example 11 

Graphite (same as in Example 1) 

Methyl silicone oO (same as in Example 10) 

Polyvinyl chloride (type "Vinnol P 100" — available from 
Wacker Chemie) 



Example 8 

Graphite (same as in Example 1) 
Iron powder 
Beeswax 

Polyamide ("Versamid" — available from ^ 
Schering A.G.) 



80.00 
20.00 
15.00 



75.00 
15.00 
10.00 
200.00 

33.00 
9.00 

5.00 
57.00 

100.00 
20.00 

120.00 
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Example 12 

Parts by Weight 



Graphite (same as in Example 1) 


100. 00 


Lamp black (same as in Example 8) 


10.00 


Acetyl cellulose ("Cellon" (Registered Trade Mark) — 




available from Dynamit Nobel A.G.) 


10.00 


Polyisobutylene ("Oppanol B" — available from 




Badische Aniliii-Soda Fabrik) 


150.00 



The heat-radiating articles of this invention 
are preferably composed at least in part of 
natural or synthetic fibers, the selection of 

5 which depends on the end use contemplated 
for the fabric. Illustrative of fibers for msdking 
fabrics include: nylons, e.g. polycarprolactam, 
polyhexamethylene adipamide, polyhexa- 
mechylene sebacamidc, as well as other polya- 

10 mides; polyesters, e.g. polyethylene terephtha- 
late; celluloses, e.g. cotton, viscose rayon^ cel- 
lulose acetate, alginate, cuprammoniimi rayon, 
etc.: acrylics, e.g. copolymers of acrylonitrile 
with vinyl acetate or acrylic esters; polylefines, 

15 e.g. polypropylene, polyethylene, etc.; proteins, 
e.g. wool, caein, zinc, etc.; vinyls, e.g. poly- 
vinyl alcohol, polyvinyl acetate, polyvinyl- 
chloride; fluorocarbons, e.g. polytetrafluoro- 
ethylene; polyurethaneSj e.g. those sold under 

20 the Trade Mark " Lycra 

The manner of incorporating the electrical 
resistance filaments into fabrics will now be 
described widi reference to the drawings. 
Referring first to Figures 1 — 4, in Figure 

25 1 there is shown a diagrammatic perspective 
view of a carpet 10 comprising a woven pile 
fabric 11 and a backing 12 secured to the pile 
fabric 11 by adhesive, or the like. 

The pile fabric 11 cwnprises a plurality of 

30 warp threads 13 and a plurality of weft threads 
14 woven by known weaving means, and is 
illustrated in Figures 2 and 3. The pile or 
nap 24 of the pile fabric 11 may be formed 
in any conventional manner, but as shown, 

35 comprises a plurality of fiber threads 25 which 
may be secured to the warp in any convention- 
al manner such as by frictional engagement 
between the adjacent warp and weft threads 
or by knitting. A plurality of plastics filamen- 

40 tary electrical resistance elements 15, whose 
composition and manufacture have been de- 
scribed in the above examples, may be woven 
into the pile fabric either as warp or weft 
threads in one direction only. The filamentary 

45 elearical resistance elements are illustrated in 
Figure 1 as being woven into the fabric as 
weft threads. The number of such filamentary 



electrical resistance elements per inch of woven 
fabric may be varied as heretofore described, 
to obtain desired power dissipation values. The 50 
filamentary electrical resistance elements are 
connected with an electric current source 16 
by means of tenninal leads 17 and 18 and 
conductive elements 19 and 20. Each of *the 
conductive elements 19 and 20 may comprise 55 
fine copper wire or the like and may be woven 
into the fabric, either as warp or weft threads 
depending upon tiie direction the filamentary 
electrical resistance elements are woven into 
the fabric. 60 

The general arrangement of the resistance 
elements il5 and conductive elements 19, 20 
in one form may be as shown in Fig. 4, from 
which tiie normal carpet warp and weft 
threads have been omitted for clarity. Here, 65 
the resistance elements 15 nm horizontally of 
the figure, preferably but not necessarily equal- 
ly spaced and at at each end contact the verti- 
cally running conductive elem^its 19, 20 
which act as distributors to feed current to 70 
the resistance elements 15 in parallel. It will 
be understood that the diameter, resistivity and 
number of filamentary resistive elements per 
inch are chosen in relation to the applied vol- 
tage, to produce the desired power cfissipation 75 
for ,die heating purpose at hand. 

The conductive elements 19, 20 may be sewn 
rather than woven in place, or alternatively 
may be formed of foil strip suitably adhered 
to the edges of the fabric to maintain contact 80 
with the resistance elements 15, or may be a 
conductive strip painted or deposited on the 
fabric edges in contact with the resistance ele- 
ments 15 or -formed in other ways suitable for 
connecting the resistance elements 15 to source 85 
16. 

In some fabrics, the spacing between con- 
ductive elements 19, 20 <when at the fabric 
edges) may be longer than desired. An alterna- 
tive arrangement is shown in Fig. 5, in which 90 
subsidiary conductive elements 21, 22 extend 
horizontally from each main element 19 or 20 
toward the other, either terminating before 
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leaching the opposite main clement, or ctom- 
spaced insulated telauon. as at m 
m for ^ple. In this case the resistance 
element ^^n verticaUy in the figu«. " 
5 ISS contact with the conductive sulvele- 
S 2 , 12 that they cross. Thus tites^ 
between adjacent conductive ^b-elen«^« 21, 
22, determines the effective length ~ 
Skent 15 across which the source .16 v^ge 
10 is applied, pcnnitting any desired effecave 
lengS^ independent of the fabric wid^; 

AiSther imngement is shown 
which a plurality of conducave elements ex- 
Sd ve^i«Uy in the figure, altenjate ones suA 
15 as 19 19a being ccmnected togedier at one end 
to Si Smi^ 17 and the int««J«dute one^ 
such as 20. 20a, being connected together and 
to 5.e oA« tei^iinal 18. In dus way a^^, Ae 
effective lengdi of the horizontally e«emling 
20 S^ncee&ts lSmay beseleoK^^ 

sired, by suitably choosing ^_sp'i°»« 
adiaam conductive elements. It will be under- 
stood that any desired number are! spacmg of 
l^ucdve elements may be used as crcum- 

25 stances dictate. ^^^a 
When the conductive 
at a substantial distance from «ichoA«, e-g- 
more than about 12 inches, it may be d«iraWe 
to wave into the fabric intermediate floatmg 

30 elements 23 which are not connected with ^ 
current supplying elements 19, 20. M, 2^ 
These floating elements 23 which may be 
soa^d apart at any desired distance, are wo- 
^^n fa pile fabric of the carpet "therj^U 

35 lei or at right angles to <=^'^^f^^. 
19 20, so lone as they are at an angle (pretera 
S a niht angled to the resistance etoe^ 
15 For example. Fig. 7 shows an arrangement 
ItoiTar to Fig^ 4, with added floao^«?: 

40 ductive elements 23. interposed b^jwcen 

conductive elements 19, 20 and parallel there- 
w^S; Floating ekmems 23 a^.J'^^jL^ 
conneaed to the current supplying e kments 
19, 20, except dirough the resistance elements 

*^ "xhe desirability of using floating «l«nents 
23, arises from the special P^Pf^ .9^ 
r«istance elements 15. that when heat di^qja- 
rion ifrom a local area of an elemem 15 « 

50 SSaiS? Is nwterial substantially increases 

^ ^ res^vity, which may block current fl»wmg 
n Ae^lJents 15 and J?^" *'«Pi: 

tion from other areas through which Ae same 
elements extend, even though sP^ccd from die 

55 blodTed area. If this should happen, then float- 
Sr—s 23 would distnlmte^t t^^ 
sudi odier areas, notwithstanding ttat Ae re 
sistivity of some elements 15 may be increased 
in the blocked area. _ . 

«» Such floating conductive elements may be 

^ usS^ wi^lnV^configuration of re^st^ce 

conductive elements, but should be kept oirt 
of direct contact wiA the current.suppl>ing 
con^Se elements, which may be accom- 



pHsbed by any techniques weU known in the 65 

Other modifications in die conscmcnon of 
thc^ radiating articks are P<»s*te. Fot «- 
mple, the conduW elements may be 

dSric^ may be secured thereto byo*^ 

suitable means such '^^^f^J^^ 
etc. Also the confonnaoon of the c?n*^»3^ 
^eniB is not critical, except to die extent 
S'SS be pUable if the heat raduitmg 

article is itsetf pliable. :-„««kMi 80 

In any of the above foims of the »nvattWD, o« 

where two conductive J?"^ 
SeTelectrical com««on may. b^made ^ 
spot-welding or «>Wenng. or jn ma^ "'^ 
liaclv by their contact widi one anotter, sina 
SS^L^ctresistan^willbelowreU^^ 85 
die resistance of the resistance elements fea 

*SuJ^' both the filamentary deorical f^- 
ana^temeniB described herein a^ the dtecm- 

conductive dements nor be woven ?0 
a fibric by conventional tcchmques, hwt-n- 
kting diiperies and odier a«^»«^y 
a»anvrfactur5; which maintain tiieir deroMUve 
^pearancc because bodi the heatmg eton^ 
aSdthe conductive efcments are an mt^ » 
JaJ Sti^ S«ic. In addition, the fi£m«»nr 
electrical resistance elements may be mcoi- 
SS^into knitted or non-woven fabnem 
J^^S heat-radmting articles such as so*s, 
«l<«res, and other weani« apparel. 

The ■WOTds Palatal, Versamid, Lwoien. 

oSf, Sen. ?PF«-»5,y!St^Tra£ 
Umvolt used herdn are all Registered iraae 

^ATWEGLAIMIS:-^. . 1P5 
LA fabric for use in heat "diating arte es 
which is made up at least m part a P»^2^ 
of filamentary plastics electrical KSiswoct eU 
ments each of which consists of a "nifonn dis- 
J^on of conductive parric cs m a non^ 110 

Sve plastics carria 

ly conductive means fonmng part of sa»dab- 
ric rowhidi said filamentary electrical resist- 
eSSSts are competed, said conducnve 
^s^ng adapted to be comiected to a 115 
source of electric cunwrt. . „x,^„ 

2. A fabric according to clami 
said electrically conductive means inchwte at 
t5?^cll conductive members m dec- 

SSl^^ with at least some of said fila- 120 
mentary dectrical resistance dements. 
^ A fabric according to dam 2 wherem 
said conductive demene extend atong^d 
tflbricsubstantiaUy at right ar^ks t^^ 
tion of said filamentary electrical resistance 

^'TTfabric according to any of f^J;-± 
wherein said filamentary decmcal resistance 
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elements extend along said fabric in one direc- 
tion only. 

5. A fabric according to any one of claims 
1 to 4 wherein said electrically conductive 

5 means include two spaced terminal members 
adapted to be connected to respective termi- 
nals of an electrical current source and a plura- 
lity of intermediate conductive elements lo- 
cated between said terminal members, at least 

10 some of said intermediate conductive elements 
intersecting and being in electrical contact with 
said plastics filamentary electrical resistance 
elements at their points of intersection. 

6. A fabric according to claim 5 wherein 
15 alternate ones of said intermediate conductive 

elements are connected to the same tenninal 
member. 

7. A f^ric according to claim 5 or 6 where- 
in the terminal members and the intermediate 

20 conductive elements are woven in the fabric 
and the fabric is a woven fabric. 

8. A fabric according to claim 7 wherein 
the filamentary electrical resistance elements 
and the conductive elements are woven sub- 

25 stantially at right angles to each other. 

9. A fabric according to any of claims 1 
to 4 wherein the electrically conductive means 
includes two spaced terminal members adapted 
to be connected to respective terminals of an 

30 electrical current source to which the filamen- 
tary electrical resistance elements are electri- 
cally connected, and a plurality of intermediate 
conductive elements located between said ter- 
minal members and lying in the same general 

35 direction, the intermediate conductive elements 
being at an angle to the plastics filamentary 
electrical resistance elements and in electrical 
contact therewith at their points of intersec- 
tion, and said intermediate conductive ele- 

40 ments being in a non-electrical contact rela- 
tionship witii the terminal naembers. 

10. A fabric according to any one of claims 
1 to 4 wherein said electrically conductive 
means includes .two opposed spaced terminal 

45 members adapted to be connected to respective 
terminals of an electrical cmrent source and 
a plurality of intermediate conductive elements 
lying at an angle to said terminal members 
and said plastics filamentary electrical resist- 

50 ance elements, alternate ones of said interme- 
diate conductive elements being in electrical 
contact with a respective terminal member. 

111. A fabric according to claim 9 or 10 
wherein the filainentary electrical resistance 

55 elements extend along the fabric in one direc- 
tion only and said intermediate conductive ele- 
ments and said filament^y electrical resistance 
elements are woven in said fabric. 

112. A fabric according to claim M which 
60 includes the said terminal member is woven 

into said fabric. 

13. A fabric according to any of the preced- 
ing claims wherein the said resistance elements 
comprise said conductive particles and said 
65 non-conductive plastics carrier material has a 



specific electrical resistance and coefiident of 
thermal expansion which are both greater than 
.that of said conductive paarticles. 

\14. A fabric as claimed in any preceding 
claim wherein said filamentary plastics electri- 70 
cal resistance elements have a positive tem- 
perature coeflSdent of resistance and operate 
during the passage of oirrent therethrough to 
automatically increase and decrease the resist- 
ance of individual areas of said filamentary 75 
elements in accordance with the dissipation of 
heat from said individtial areas. 

15. A fabric according to claim 13 or 14 
wherdn said filamentary electrical resistance 
elements include in addition, dispersed in said 80 
non-conductive plastics carrier material at least 
one component selected from (1) an oil of low 
viscosity, low dielectric constant and dissipa- 
tion factor, said oil being present in said fila- 
mentary electrical resistance elements in an 85 
amount between about 05 to about 20% by 
weight of the said conductive particles and (2) 

an electrically insulating material havii^ a 
specific electrical resistance greater than 10" 
ohm-cm, said electrically insulating material 90 
having a greater coefiident of themoal expan- 
sion than said resistive substance and being 
present in said filamentary electrical resistance 
elements in an amount between about 7% and 
about 25% by weight of the said conductive 95 
particles. 

16. A fabric according to any of claims 13 
to 15 wherein the non-conductive carrier mat- 
erial has a dielectric loss factor which remams 
substantially constant or decreases beyond the 100 
maximum operating temperature of the fila- 
mentary electrical resistance elements. 

17. A fabric according to claim 16 wherein 
the non-conductive carrier material is a poly- 
propylene. 105 

18. A fabric according to claim 15 or any 
appendant thereto wherein the electrically in- 
sulating material is selected from lubricating 
oils, transformer oils, silicone oils, and paraffin 
oils. 110 

19. A fabric according to claim 1 substan- 
tially as hereinbefore described with reiference 
to tiie accompanying drawings. 

20. A heat radiating article which includes 

a fabric according to any of claims 1 — jl8. 115 

21. A carpet which includes or which con- 
sists of a fabric according to any of claims 
1— il8. 

22. A heat radiating article including a fab- 
ric portion made up at least in part of a plura- 120 
lity of plastics filamentary electrical resistance 
elements, each of which consists of a imiform 
dispersion of conductive particles in a nori- 
conductive plastics carrier material and dectri- 
cally conductive means forming part of said i25 
fabric portion to v^hich said filamentary elec- 
trical resistance elements are connected which 
means are adapted for coimection to an electri- 
cal current source. 
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Reference has been directed in girs^ianoc otf 
S^oT%lx\y^ecdon (1) of the Patents Aa, 
1949, to patent No. 1,053,33a. 
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